INTRODUCTION
============

Polydeoxyribonucleotide (PDRN), a substance derived from *Oncorhynchus mykiss* (Salmon trout), is a combination of purine and phosphodiester bonds constituting a pyrimidine nucleotide monomer. In a previous study, PDRN accelerated wound healing and improved angiogenesis by increasing the synthesis of vascular endothelial growth factor (VEGF) binding to adenosine A2 receptors \[[@b1-arm-2018-42-4-630],[@b2-arm-2018-42-4-630]\]. It also improved blood supply and perfusion to the wound. Inadequate perfusion is an important factor in impaired wound healing. In a previous study, PDRN improved angiogenesis in patients with peripheral artery disease, diabetic ulcers, and pressure ulcers \[[@b3-arm-2018-42-4-630]\]. In addition, a PDRN injection represents a safe option for such patients with no side effects \[[@b1-arm-2018-42-4-630],[@b4-arm-2018-42-4-630],[@b5-arm-2018-42-4-630]\].

Chronic non-healing wounds fail to heal spontaneously within 3 months \[[@b6-arm-2018-42-4-630]\]. They affect 2% of the American population \[[@b7-arm-2018-42-4-630]\] and entail an estimated more than \$3 billion in treatment costs per year \[[@b8-arm-2018-42-4-630]\]. Due to complications such as severe pain, septicemia, and hospitalization resulting from non-healing wounds, rapid treatment is important to improve the patient's quality of care.

In rehabilitation programs, fast functional recovery and fitting amputees with an early prosthesis improve the outcomes. In cases of delayed wound healing among amputees, complete wound closure is necessary for early prosthesis fitting. We report a case of an amputee who showed dramatic improvement in wound healing following PDRN injections.

CASE REPORT
===========

A 28-year-old male patient with no significant medical history was diagnosed with a third-degree burn involving both lower extremities (10%--19% of body surface) following a car accident. Fasciotomy, irrigation, and debridement were performed to treat a third-degree burn on the left lower leg along with compartment syndrome. Bo th lower extremities were amputated due to persistent necrosis, despite several debridements for wound necrosis.

Below knee amputation was performed for the left lower extremity. A transmetatarsal amputation was performed for the right lower extremity. Negative pressure wound therapy (NPWT) was administered after application of a human acellular dermal allograft and sp lit thickness skin graft. Si nce then, daily occlusive dressing using hydrophilic polyurethane foam and human basic fibroblast growth factor (bFGF) has been performed.

Debridement and ostectomy were performed due to necrosis and bone exposure after 1 month, despite ongoing NPWT. After 2 months of partial wound improvement, the patient received a home care kit for NPWT and bFGF. Despite continuous application of allogenic keratinocytes for incomplete wound healing, the prosthesis was difficult to wear because of the open wound. Lack of wound closure and prosthesis limited not only gait training but also activities associated with daily living. Th e patient continued to receive wound care in the outpatient clinic and home care services using NPWT and bFGF.

After 7 months, the patient visited our outpatient department for stump management, prosthesis use, and gait training with the prothesis for bilateral amputation sites. Bone length (from greater trochanter to bony end) was 104 cm at the right lower extremity, and 69 cm at the left lower extremity. The left stump site was bulbous, and showed i nflammation, including redness and swelling. The open wound measured 3 cm×2 cm on the anterior side and 3 cm×2 cm on the medial side. The patient felt 2--3 degrees of pain according to the numeric rating scale, and continuous tingling in both stump areas. In addition to active range of motion and strengthening exercises in the bilateral lower extremities, the patient received stump site massage, tapping, and slapping, wrapping, and friction rub of the residual limb for desensitization. Since the previous treatment for the stump wound deteriorated, we decided to proceed with PDRN treatment.

Injections (1 syringe, 2 mL, for 3 times) of intradermal PDRN (Rejuvenex; PharmaResearch Products Inc., Seoul, Korea) into the open wounds on the anterior and medial side were administered to heal the left stump on the 1st, 4th, and 9th days of hospitalization, along with a daily hydrophilic polyurethane foam dressing. After 3 weeks, full epithelization and improved skin tone were observed ([Fig. 1](#f1-arm-2018-42-4-630){ref-type="fig"}). After 4 weeks of hospitalization, the wounds were improved adequately to wear the prosth esis (3--4 times, 1 hr/day).

After comprehensive rehabilitative treatment including gait training, the patient managed to walk independently.

DISCUSSION
==========

We report the case of skin regeneration into musculoskeletal tissue using PDRN injections on refractory wounds in an amputee, which were caused by third-degree burns with no improvement 7 months after flap surgery. To our knowledge, this is the first study demonstrating the role of PDRN application to a chronic open wound in an amputee. Chronic non-healing wounds warrant rapid and prompt treatment to diminish the risk of comorbidities such as infection and hospitalization. This case required especially quick wound management to allow for appropriate fitting of prosthesis to improve the patient's activities of daily living as well as his quality of life.

Autologous skin graft has been established as the standard therapeutic option for large-surface and deep wounds \[[@b9-arm-2018-42-4-630]\]. This patient carried two 3 cm×2 cm-sized open wounds after a skin graft without experiencing a full recovery. Wound epithelization was difficult even after the application of NPWT, bFGF, and allogenic keratinocytes before the PDRN injections. The NPWT increased the dermal perfusion but had no direct effects on the capillary vessels, which actually mediated the skin perfusion. However, in a previous study, PDRN eventually improved the capillary density following improved angiogenesis by increasing VEGF production in skin when injected into skin \[[@b4-arm-2018-42-4-630]\].

In some patients, such as the case in point, PDRN was used when healing failed with conventional therapies. PDRN has advantages of non-invasiveness, simplicity, and without the need for any other medical equipment.

No hospitalization is needed for PDRN injections resulting in cost-effective and safe treatment outcomes. This study is consistent with previous studies that reported the positive effects of PDRN on wound healing, without any side effects \[[@b1-arm-2018-42-4-630],[@b4-arm-2018-42-4-630]\].

Howev er, no standardized method of administering PDRN injections is available currently. Prospective and randomized controlled trials are required to show the efficacy of PDRN.

The application of PDRN is also an optional treatment for the closure of chronic non-healing wounds. These findings indicate that PDRN positively modulates the wound healing process in refractory wounds. Its use also improves the clinical outcomes of patients and lowers the need for additional therapies and hospitalization.
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![Two open wounds existed on the left lower extremity during the first visit (A). Since the first polydeoxyribonucleotide (PDRN) injection on the wound area, wound closure occurred gradually. (B) After the second PDRN injection. (C) After the third PDRN injection. After 3 PDRN injections, almost full epithelialization occurred as shown. POD, postoperative date; HD, hospital day.](arm-2018-42-4-630f1){#f1-arm-2018-42-4-630}
